Background The endoscopic endonasal transsphenoidal approach (EETA) to the pituitary is performed by ear, nose, and throat (ENT) surgeons in collaboration with neurosurgeons but also by neurosurgeons alone even though neurosurgeons have not been trained in rhinological surgery. Purpose To register the frequency of endonasal anatomical variations and to evaluate whether these variations hinder the progress of EETA and require extra rhinological surgical skills. Methods A prospective cohort study of 185 consecutive patients receiving an EETA through a binostril approach was performed. All anatomical endonasal variations were noted and the relevance for the progress of surgery evaluated. Results In 48% of patients, anatomical variations were recognized, the majority of which were spinae septi and septum deviations. In 5% of patients, the planned binostril approach had to be converted into a mononostril approach; whereas in 18% of patients with an anatomical variation, a correction had to be performed. There was no difference between the ENT surgeon and the neurosurgeon performing the approach. Complications related to the endonasal phase of the surgery occurred in 3.8%. Fluoroscopy or electromagnetic navigation has been used during 6.5% of the surgeries. Conclusion Although endonasal anatomical variations are frequent, they do not pose a relevant obstacle for EETA.
Introduction
The endoscopic endonasal transsphenoidal approach (EETA) to the pituitary gland is becoming more and more popular and increasingly replacing the microsurgical transseptal and sublabial transsphenoidal approaches. Its protagonists claim better results through improved visualization and illumination of the operative field and less approachrelated morbidity [1] [2] [3] [4] [5] . However, these claims are yet to be substantiated and comparative randomized studies have not been performed.
Neurosurgeons performing endoscopic pituitary surgery may be confronted with anatomic variations of the nose, which might be the reason for many to operate in collaboration with an ear, nose, and throat (ENT) surgeon. In order to evaluate, whether these anatomic variations pose serious problems in gaining adequate access to the sella, this study was performed.
Materials and methods
This is a prospective cohort study of a single center-a single neurosurgeon (EvL) consecutive series of patients with a pituitary lesion treated by an EETA between September 1999 and April 2008. The cohort comprises half of the patients operated via EETA in our institution. All patients underwent an EETA for various lesions. The data were collected during the surgical procedure.
Our standard surgical approach is a binostril approach in which the endoscope is handheld. For endonasal pituitary surgery, we use a 0º endoscope with an optic diameter of 4 mm and a separate shaft that allows easy and comfortable holding, while offering a suction-irrigation system for cleaning of the lens (Karl Storz, Tuttlingen, Germany). The maximal outer diameter of the oval-shaped shaft is 6.3 mm. A 30º optic is available for use in specific situations.
The camera used is the Endovision TRICAM® SLII three-chip camera (Karl Storz, Tuttlingen, Germany) connected to an EndoSite 3Di Digital (Viking Systems, Westborough, MA, USA), and projected onto a headmounted display (HMD) worn by the surgeon during all phases of the surgery. The endoscopic picture is projected onto LCD screens from the HMD with a resolution of 800× 600 pixels [6] . The instruments used are principally the same as with the microsurgical technique.
Fluoroscopy was only used when indicated, which usually meant that uncertainties existed about the anatomical situation and orientation during the procedure. This occurred only at the beginning of our learning curve. Neuronavigation has been part of the armamentarium from 1999 onwards, but only with the advent of electromagnetic (EM) navigation was it used on a regular basis. EM navigation is used in the case of large tumors that destroy the sellar floor, invade the cavernous sinus, and fill up the sphenoid sinus, because the usual anatomical landmarks are absent or poorly demarcated. In case of sphenoethmoidal cells (or Onodi cells) or a clival sella, EM navigation is also considered.
The judgment of an anatomical variation is very subjective. The incidence of anatomical variations differs significantly whether assessed by endoscopic inspection, anatomical dissection, or thin-sliced computed tomography (CT) scanning. There are also differences in definition [7] . Therefore, we practically defined an anatomical variation as any anatomical detail of the nose that obscured the direct endoscopic view of the anterior sphenoid wall or that obstructed the introduction of any instrument or second instrument through the same nostril along the endoscope (usually the aspirator). Cases in which additional surgical measures had to be taken to change the anatomy in order to achieve adequate approaches to the sphenoid sinus were noted separately (examples in Fig. 1 ).
Complications reported in this study are those that occurred either during the surgical approach, i.e., the endonasal and transsphenoidal phases of the procedure, or postoperatively, but were clearly the result of the surgical approach. Complications attributable to the sellar phase and tumor removal are excluded from this study.
The series consists of 185 patients of whom 90 were male and 95 female. The average age is 45.6±15.7 years (range 12-81 years).
Surgery was performed for various sellar lesions of which the majority was a tumor (Table 1) . In 16 cases, EETA was performed because of recurrent tumor and of these ten had previously undergone endoscopic endonasal surgery and six had undergone transseptal microsurgery. Altogether, 62 of these procedures were performed in collaboration with an ENT surgeon.
Results
Variations of the endonasal anatomy were observed in 89 cases (48.1%). The majority of these were cristae and spinae septi and septum deviations ( Table 2 ). The incidence of observed anatomical variations was almost identical whether or not an ENT surgeon was present (45.2% with an ENT surgeon present and 49.6% with the neurosurgeon performing the surgical approach).
Although the binostril approach is our routine approach, in eight cases (5%) we had to perform a mononostril approach because of severe septum deviation. In all these eight cases, this adaptation of the surgical technique caused no problems.
In 16 patients (8.6% of all cases and 18% of patients with anatomical variations), some form of correction of the anatomical variation had to be performed in order to allow a sufficiently good entrance to the sphenoid sinus. Five times a septum correction was performed by the ENT surgeon, but never by the neurosurgeon. Twice a middle turbinate was completely removed (once because of a concha bullosa and once because of an extremely narrow approach), and twice a partial removal of a bullous middle turbinate (lateral part) was performed. An obstructing spina septi was drilled off with a diamond high-speed drill without opening the mucosa separately (in all cases by the neurosurgeon). In one patient, the ENT surgeon removed a nasal polyp. Overall, the ENT surgeon performed some form of correction in 9.7% of cases, while the neurosurgeon did so in 8.1% of cases. The difference is not significant. Abortion of the procedure before reaching the sella turcica did not occur.
Complications strictly related to the approach and the endonasal phase of the surgery occurred in seven patients (3.8%). In three cases (1.6%), a severe epistaxis had to be treated. One of these patients even went into shock and had to be operated on. A bilateral bleeding from a branch of the sphenopalatine artery had to be coagulated after which a speedy recovery ensued. Two other patients required a Bellocq tamponade for 3 days. Two patients were noted as having a sinusitis that required antibiotic therapy.
Twice, an anatomical disorientation with loss of route occurred, which resulted in an unwanted opening of the frontobasis with undesired cerebrospinal fluid (CSF) flow (1% of patients). With the use of fluoroscopy, the anatomical orientation was easily restored and the surgery completed uneventfully. The CSF leak was treated with a fat graft and external lumbar drainage for 3 days. In both cases, the anatomical disorientation was considered to be caused by a large Onodi cell (sphenoethmoidal cell), which was mistakenly held for the sphenoid sinus after entering the space. In 93.5% of our patients, we used no form of assistance in orientation. Fluoroscopy was used in six patients (twice after getting anatomically lost) and six times EM neuronavigation was used.
Discussion
The introduction of endoscopes into a special field of surgery seems to be held equivalent with minimal invasiveness, less traumatization and better results, even when is not yet clear [9] . In a series of patients that had previously undergone sublabial transsphenoidal surgery and later microsurgical endonasal surgery for recurrent tumor about 80% of patients reported easier recovery, less pain and better nasal airflow after the second surgery than after the first sublabial surgery [9] . Although endoscopic endonasal surgery is relatively new to the neurosurgeon, ENT surgeons are already wellacquainted with endoscopic sinus surgery. Therefore, it is relatively easy for the ENT surgeon to switch from a standard microsurgical technique to an endoscopic technique.
In low and moderate caseload pituitary centers, pituitary surgery is most often performed by a neurosurgeon in collaboration with an ENT surgeon, whereas we observed that in high-volume centers, the neurosurgeon quite often completes the procedure from the start. For these neurosurgeons, the switch to an endoscopic approach might be more difficult, even more so when confronted with anatomical variations.
For the transition from a microsurgical approach to an endoscopic approach, it is helpful to already have some experience with endoscopy, but also to have performed anatomical studies and training on human cadavers [14, 15] . One should also study the different techniques of EETA in use. Some surgeons prefer a mononostril approach, whereas others advocate a binostril approach. The protagonists of the first approach claim less traumatization of the nose when using one nostril compared with the binostril approach. However, the introduction of three instruments (endoscope, aspirator, and any other instrument) through a single nostril might harm the nasal mucosa more than in the binostril technique, whereas the size of the opening of the anterior sphenoid wall is the same for both techniques, as claimed by surgeons favoring the binostril technique. The mononostril technique, therefore, also more often requires the removal of the middle turbinate to allow a successful procedure and sufficient space for the instruments. Since we do not consider this "minimally invasive", we prefer the binostril technique.
Our study shows that EETA can be well-performed by an experienced neurosurgeon without the collaboration with an ENT surgeon and that approach-related problems are hardly encountered. The advantage is that surgery can be easier planned without logistic problems and requires less manpower, which also decreases the cost of surgery. However, this only accounts for straightforward sellar pathology. In case of more extensive lesions and/or extended EETA, we still seek and advise the collaboration with the ENT surgeon.
Surgical orientation
The endoscopic endonasal approach to the sphenoid sinus is straightforward, relatively easy, and can be performed in 10-15 min (binostril approach). In the ideal situation, the ostium to the sphenoid sinus is unobscured, allowing straightforward anatomical orientation and entrance to the sphenoid sinus. However, anatomical variations do occur frequently and it is in these situations that surgery might become more difficult and require surgical experience. Septum deviations (present in 63% of patients with sinonasal symptoms [16] and 54% in a series of patients operated by a sublabial transseptal approach [17] ), spina septi, concha bullosa present in 22-53% on thin-sliced CT scanning and often associated with the deviation of the nasal septum to the contralateral side [18] and a narrow lumen of the nose all might hinder the unobscured vision and unhampered introduction of the endoscope and/or various instruments. Also, one can become anatomically disoriented, which can cause serious morbidity, e.g., CSF fistula, internal carotid artery injury, and optic nerve injury.
The risk of loss of orientation can be reduced by carefully studying the preoperative MRI to which a preoperative CT scan of the nose and sinuses may be added. The surgeon should be especially aware of Onodi cells (which can be found in up to 8.4-9% of cases) [19, 20] , enlarged posterior ethmoid cells and the exact localization of septae in the sphenoid sinus. During the learning curve after starting EETA, the use of routine CT scanning of the sinuses should be advised until sufficient expertise has been acquired. In case of anticipated anatomical difficulties, including a clival sella or sphenoid sinus that is totally filled by tumor, one should be prepared to take extra measures for orientation. This may be simple fluoroscopy, but intraoperative neuronavigation (and especially EM neuronavigation) is preferable. In our series, loss of orientation has occurred only twice, leading in both cases to inadvertent CSF leakage, whereas in 93.5% of patients no additional means for orientation were used.
Anatomical variations
Our series has shown that anatomical variations are frequent (seen in almost half of patients), but the number might be lower than in radiological studies. Bolger et al. even found bony paranasal sinus anatomical variations in 65% of patients both with and without sinus complaints, whereas mucosal abnormalities were seen in 41.7% of patients without sinus complaints in a coronal CT study of the sinuses [7] . Whereas we decided to distinguish spinae septi and septum deviations as separate entities for practical reasons, Mladina has classified these as different forms of septum deformities distinguishing seven different types [21] . In a multicenter, multinational study on 2,589 patients in different geographic areas of the world, Mladina et al. [22] even found almost 90% of septum deformities in anterior rhinoscopy.
Nevertheless, in the majority of the cases, these anatomical variations do not hamper the progress of surgery. In less than 20% of our patients with a variation, special measures had to be taken to allow access of the sphenoid ostium; while in eight patients, a planned binostril approach was converted into a mononostril approach. In most cases, however, these modifications were relatively small and easy to perform, while there was no case in which surgery had to be aborted because of approachrelated surgical problems. Whether an ENT surgeon or a neurosurgeon was performing the approach did not affect these results; although the ENT surgeon tends to correct a septum deviation to allow a binostril approach, while the neurosurgeon converts to a mononostril approach to deal with this problem. The advantage of a direct reconstruction of the septal alignment may be a subjective improvement in nasal function [17] . Therefore, in patients with nasal airway obstruction symptoms before surgery because of septal deviation, septal correction should be reconsidered.
The majority of these anatomical variations can be seen on preoperative CT scanning of the nose and sinuses and, thus, the surgeon can be prepared. However, after a sufficient learning curve this is no longer strictly needed because the surgeon knows how to deal with any obstacles encountered. It is important to prepare the surgery well with adequate decongestion of the nasal mucosa. This can be achieved with patties drenched in a mixture of cocaine hydrochloride 5%/epinephrine 1 mg/ml placed medially to the middle and inferior turbinates.
Approach-related complications
Postoperative complications related to the endonasal transsphenoidal approach are rare and occurred in only 3.8% of patients. Besides a loss of orientation, which resulted in CSF leakage (0.9%), three cases showed a severe epistaxis (1.6%). Two of these three cases could be treated conservatively with a Bellocq tamponade, while one patient, who was in hemodynamic shock, had to return to the OR. In the latter case, branches of the sphenopalatine arteries had to be coagulated at both inferolateral borders of the middle turbinate. In a large national survey by Ciric et al. in 1997 in the USA, the reported rate of epistaxis in transsphenoidal surgery was 3.4% and, thus, twice as high [23] . However, they found that the rate of epistaxis is dependant on caseload. Surgeons having performed more than 500 cases had an epistaxis rate of 0.4%, surgeons with a caseload of 200-500 had an epistaxis rate of 1.7%, while the less experienced surgeons (<200 cases) had postoperative epistaxis rate of 4.3% [23] . Our result is, therefore, in line with the epistaxis rate after a microsurgical transsphenoidal approach of moderate experienced pituitary surgeons. White et al. [13] showed in 2004 that their transition from a sublabial to an endoscopic approach significantly reduced the rate of postoperative epistaxis from 16% to 2%. This reduction was also seen by Koren et al. [11] .
Although this epistaxis occurs only rarely, it can be a severe complication and should be prevented. Since the origin of the bleeding is usually a branch of the sphenopalatine artery at the inferolateral border of the middle turbinate, this site has to be inspected carefully after performing the anterior sphenoidectomy and again at the end of surgery. Simple bipolar coagulation deals with the problem in case of an arterial bleeding. The use of epinephrine at the ostium to the sphenoid sinus causes arterial vasoconstriction and, therefore, may obscure arterial damage. However, 1-2 h later, the vasoconstrictive effect runs out and bleeding may start from the artery causing epistaxis, which usually occurs in the recovery room. Therefore, we advise not to use epinephrine at the ostium before performing an anterior sphenoidectomy.
The low number of postoperative sinusitis is most likely biased by the fact that some cases may have been treated by antibiotic therapy by their general practitioners before having established a diagnosis of sinusitis. Also sphenoid sinusitis may be asymptomatic [8] . In the large survey by Ciric et al., the rate of postoperative sinusitis of transseptal or sublabial transsphenoidal surgery was 8.5% and, thus, much higher [23] . The difference between the endoscopic or microsurgical endonasal approach (1% in this series and 0.8-2% reported in other larger series [8, 9] ) in the rate of postoperative sinusitis may be attributed to the absence of nasal packing after the endonasal approach.
Nasal septum perforation, which is quite a common complication of the transseptal and sublabial transsphenoidal approaches (being 6.7% in the survey of Ciric et al. [23] ), did not occur in our series and this represents the decreased trauma to the septum by the endonasal approach, as was also confirmed by Koren et al. [11] .
Conclusion
Although endonasal anatomic variations occur frequently, they only rarely cause trouble in gaining access to the sellar region and, therefore, can be dealt with by the experienced pituitary surgeon in practically all cases.
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